INTRODUCTION {#sec1-1}
============

Acquired immunodeficiency syndrome (AIDS) is a pandemic disease caused by human immunodeficiency virus (HIV). Globally, 34.0 million (31.4 million-35.9 million) people were living with HIV at the end of 2011 (from Global Report 2012 by UNAIDS).\[[@ref1]\] India has the third largest number of people living with HIV/AIDS. As per the 2011 HIV estimates, there are an estimated 21 lakh people currently living with HIV/AIDS in India with an adult prevalence of 0.27%.\[[@ref2]\] To detect undiagnosed HIV with accuracy, time and cost-effective manner, high quality Rapid point-of-care HIV tests are useful tools. Oral fluid-based Rapid tests have advantages over blood-based tests because of their convenience, ease of sample collection, non-invasiveness, cultural acceptance, high accuracy and rapidity.\[[@ref3]\] The aim and objectives of this study was to detect HIV using oral mucosal transudate (OMT) and to assess the sensitivity and specificity of the HIV Rapid test using OMT.

MATERIALS AND METHODS {#sec1-2}
=====================

The present study was done in Kanpur to detect the HIV using OMT by Rapid test. Approval from the Ethical Committee was taken for the study. To calculate sample size, we used alpha = 0.05, medium effect size = 0.5 and set the power at 0.80 of Chi-square for comparing across HIV positive and negative participants. Power analysis resulted that at least a total of 80 sample size was required (Cohen 1988).\[[@ref4]\] Participants were selected on the basis of purposive sampling technique. Hence, the study sample comprised of total 83 subjects, of which the study group consisted 50 subjects, 27 females and 23 males, age ranging from 23 to 58 years and the control group comprised of 33 seronegative subjects, 13 females and 20 males, age ranging from 22 to 56 years. All the subjects were informed and explained about the study and the relevant data was collected and proforma was filled. The consent form was obtained from all the subjects. For the known HIV/AIDS patients (study group) information regarding the test results were collected from their medical records. Out of the 50 study subjects, 36 subjects had three Rapid tests -parallel testing algorithm - (Combaids Rs, Retroscreen and Bi-dot kit used) followed by enzyme-linked immunosorbent assay (ELISA) (from various diagnostic laboratories) and 14 subjects had Western blot (immunoblot analysis) test results (all of the subjects in the study group found it to be a disincentive getting another phlebotomy done). Serum samples for the control group were collected using standard phlebotomy technique and subjected to ELISA testing (Quick Assay by Biotek EL × 800 Absorbance Microplate Reader-12-well microplates, wavelength range used 450 nm and 630 nm). Oral samples of both study and control groups were collected using OraQuick Rapid HIV 1/2 Antibody test OMT collecting device that included test device and developer solution \[[Figure 1](#F1){ref-type="fig"}\]. OMT sample were collected, by placing the flat pad of the test device above the teeth against the outer gum while gently swabbing the upper and lower gum line back and forth with the cloth end of the swab one time around applying moderate pressure. Both sides of the flat pad are used for this procedure \[[Figure 2](#F2){ref-type="fig"}\]. The flat pad of the test device is then placed into a vial containing a premeasured amount of developer solution and allowed to develop \[[Figure 3](#F3){ref-type="fig"}\]. The device is inserted all the way into the vial until the flat pad of the test device touches the bottom of the vial and then timer is set for 20 min. This Rapid test kit is a visually read, qualitative immunochromatographic test for the detection of antibodies to HIV-1 and HIV-2. The internal control line (C) should appear as a reddish-purple line in the window of the test device. Presence of the reddish-purple line adjacent to the test line (T) along with the control line (C) is suggestive of reactive specimen \[[Figure 4](#F4){ref-type="fig"}\]. Fluid from the surface of the gums enters the device through the porous flat pad then flows onto a test strip. As it migrates across the strip, it hydrates and mixes with a red-colored reagent (protein A bound to colloidal gold). Immunoglobulin G (IgG) antibodies in the specimen bind to the reagent. If in turn the bound IgG antibody recognizes synthetic HIV-1 or HIV-2 antigen immobilized on the strip enclosed in the housing, a colored line forms in the 'T' (test) area of the result window. If not, no line forms there, then considered as non-reactive specimen \[[Figure 5](#F5){ref-type="fig"}\]. The results were recorded and the statistical analysis was done using statistical package for social sciences (SPSS) version 16.0 statistical Analysis Software. The Sensitivity, specificity, positive predictive value, negative predictive value were used and the values were represented in number (%) and mean ± standard deviation (SD).
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RESULTS {#sec1-3}
=======

Out of 50 subjects in the study group, 10 (20%) subjects were between 20 and 29 years age group, 25 (50%) subjects were in 30-39 years age group, 13 (26%) subjects were in 40-49 years age group and 2 (4%) subjects were in the 50-59 years age group. Out of 33 subjects in the control group, 10 (30.3%) subjects were between 20 and 29 years age group, 12 (36.4%) subjects 30-39 years age group, 8 (24.2%) subjects were in the 40-49 years age group and 3 (9.1%) subjects were in the 50-59 years age group. The mean age of the subjects was 35.72 ± 7.87 years for study group and 35.73 ± 8.20 years for control group \[[Table 1](#T1){ref-type="table"}\]. Total mean age with standard deviation observed was 35.72 ± 7.95 years. According to age and gender in study group, in the 20-29 years age group 3 (30%) males and seven (70%) females, 30-39 years age group 12 (48%) males and 13 (52%) females, 40-49 years age group 7 (53.9%) males and 6 (46.2%) females and in 50-59 years age group 1 (50%) male and 1 (50%) females were present. According to age and gender in control group, out of 33 subjects, 7 (70%) males and 3 (30%) females in the 20-29 years age group, 8 (66.7%) males and 17 (33.3%) females were between 30 and 39 years age group, 4 (50%) male and 4 (50%) females were between 40 and 49 years age group and 1 (33.3%) male and 2 (66.7%) females were between 50 and 59 years age group. The socio-demographic characteristics shows that majority of subjects in study group were educated up to intermediate and in control group majority were educated up to graduation. In both groups majority of subjects were married, employed and were from semi urban background. Majority of subjects belong to nuclear family and whose family income was more than Indian national rupees 5000. Result shows that there was significant difference found in education at 0.01 levels, but no other statistically significant differences were found in any socio-demographic characteristics between both groups \[[Table 2](#T2){ref-type="table"}\]. The high-risk groups and their association with common oral manifestations of HIV in the study group are shown in [Table 3](#T3){ref-type="table"}. Diagnosis of oral lesions was done based on presumptive criteria of European Community-Clearinghouse, 1993.\[[@ref5]\] In the high-risk group, heterosexuals including sex workers were 28, subjects who had male-to-male sexual contact were 10, male-to-male sexual contact and injection drug use were nine and three were injection drug users. In the study group, all 50 subjects presented with oral manifestations of AIDS. It was found that the study subjects distributed amongst the high-risk group had either one or more than one oral manifestations of HIV. Out of 28 heterosexual 11 patients presented with more than one oral lesion. Oral candidiasis with angular cheilitis was most prevalent among heterosexual group and among male-to-male sexual contact (*n* = 10) seven subjects presented with more than one oral lesion. Male-to-male sexual contact and injection drug user (*n* = 9) two patients presented with more than one oral lesion. Among injection drug users (*n* = 3) two subjects presented with more than one oral lesion. [Figure 6](#F6){ref-type="fig"} shows distribution of subjects according to age and Western blot/ELISA reactivity in study group. Subjects in all the age groups showed 100% reactivity towards Western blot/ELISA test. [Figure 7](#F7){ref-type="fig"} shows distribution of subjects according to age and Western blot/ELISA reactivity in control group. Subjects in all the age groups were 100% non-reactive towards Western blot/ELISA test. [Figure 8](#F8){ref-type="fig"} shows distribution of subjects according to age and Rapid test using OMT in study group. Subjects in all the age groups showed 100% reactivity toward Rapid test using OMT. [Figure 9](#F9){ref-type="fig"} shows distribution of subjects according to age groups and Rapid test using OMT in control group. Subjects in all the age groups were 100% non-reactive towards Rapid test using OMT. Highly active anti-retroviral therapy (ART) has been shown to reduce the opportunistic infections, viral load and progress of some malignancies associated with advanced HIV infection. All 23 patients on ART were 100% reactive toward Rapid test using OMT \[[Table 4](#T4){ref-type="table"}\]. Hence, in the present study, the sensitivity, specificity, positive predictive value and negative predictive value was 100% \[[Table 5](#T5){ref-type="table"}\]. All the subjects who tested positive/reactive with Western blot/ELISA produced accurate results with Rapid test using OMT in study group and all the subjects who tested negative/non-reactive with ELISA produced accurate results with Rapid test using OMT. This study also revealed that irrespective of whether the subjects are on ART or not, sensitivity and specificity of the Rapid test using OMT was 100%.
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Distribution of subjects according to patients with ART and rapid test using OMT reactivity
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Diagnostic efficacy
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DISCUSSION {#sec1-4}
==========

There has been an attraction since long time to oral fluid as a specimen for detection of various analytes because of the inexpensive, safe and non-invasive methods for sample collection compared with blood testing. Today, the testing of oral fluid for antibodies, antigens and other analytes is a well-established and accepted form of clinical care, monitoring and research throughout the world including those for HIV diagnosis. Saliva is a complex mixture of parotid, submandibular and sublingual and minor salivary gland secretions mixed with mucin, bacteria, leukocytes, sloughed epithelial cells and gingival crevicular fluid.\[[@ref6]\] Oral fluid testing has number of diverse applications including detection of antibody to bacterial and viral infections. It is also been used in the detection of viral antigen, drugs of abuse, levels of steroid hormones and for the therapeutic monitoring of drugs.

OMT is the fluid derived from the passive transport of serum components through the oral mucosa into the mouth. It is also called as gingival crevicular fluid. The concentrations of IgG and other serum components in this fluid are significantly higher than in whole saliva.\[[@ref7]\] Consequently, collection of oral fluid from gums was identified as the most promising source of fluid for diagnostic testing. The testing device utilizes a clean untreated swab made of a soft absorbent material that targets those OMT-rich areas in the mouth when used as instructed. After a brief brushing along the gum lines, the oral fluid on the swab is immersed in the sample buffer and finally the result is recorded. There is no need for sharps, which have the potential for cross contamination among patients when used improperly and present a danger to health-care personnel. Because of the low concentration of antigens in saliva, HIV infection is much less of a danger from saliva than from blood. The presence of secretory leukocyte protease inhibitor (SLPI) may be another factor contributing to the safety of saliva as a diagnostic specimen. SLPI expresses antiviral activity against free HIV-1 in a model using monocyte and lymphocyte derived tumor cell lines. Because SLPI does not interfere with transcytosis of cell associated virus, the inhibitory effect is restricted to HIV-1 in OMT.\[[@ref8]\] Studies of correlations between serum and OMT have shown that saliva is easily obtainable reliable diagnostic specimen for antibodies.

Pai conducted two studies with sample size of 15 and 146\[[@ref3][@ref9]\] subjects and Delaney *et al*.\[[@ref10]\] and Zelin *et al*.\[[@ref11]\] used 327 and 47 subjects respectively. O'Connell *et al*.\[[@ref12]\] considered 101 as study sample. The sample size in our study was all most similar to Pai *et al*.\[[@ref9]\] and O'Connell *et al*.\[[@ref12]\]

Pai in one study considered age range of 18-38 years and 18-88 years with median age of the 34 years in the second study.\[[@ref3][@ref9]\] Zelin *et al*.\[[@ref11]\] had considered subjects above 16 years of age. O'Connell *et al*.\[[@ref12]\] in their study considered the mean age of 38.9 ± 9.8 for the study group. In the present study, an age range of 20-59 years was considered for the study sample with the total mean age of 35.72 ± 7.95 years. The mean age being 35.72 ± 7.87 years for study group and 35.73 ± 8.20 years for control group and this is similar to Pai *et al*.\[[@ref9]\]

In the present study, all subjects in the age range 20-29 years, 30-39 years, 40-49 years, and 50-59 years in study group showed 100% reactivity toward Rapid test using OMT. All 23 patients in the present study with ART were 100% reactive toward Rapid test using OMT, thus indicating that ART has no impact on detecting the HIV infection by Rapid test using OMT. As there were no studies reported in relation to ART patients for detection of HIV, comparison was not possible.

Gender distribution in the present study was 46% males and 54% females in the study group and 60% males and 40% females in the control group. O'Connell *et al*.\[[@ref12]\] in their study showed 85% males and 15% female in the study group. Pai\[[@ref3]\] considered 100% females as the testing was done on women in labor in rural India. Pai *et al*.\[[@ref9]\] in their second study considered 74% males and 26% females.

In the present study, all the 23 male subjects and 27 female subjects in the study group were 100% reactive towards Rapid test using OMT with 100% true positive results and no false negative results, showing 100% sensitivity. All the 20 male subjects and 13 female subjects in the control group were 100% non-reactive with 100% true negative results and no false positive results showing 100% specificity. Pai\[[@ref3]\] reported 100% sensitivity and 100% specificity in one study. However, in another study Pai *et al*.\[[@ref9]\] reported sensitivity of 93.3% and specificity of 100%. Delaney *et al*.\[[@ref10]\] in their study found OraQuick sensitivity with oral fluid to be 99.1% and specificity to be 99.6%. Zelin *et al*.\[[@ref11]\] observed sensitivity to be 100% and specificity to be 99.87%. Whereas O'Connell *et al*.\[[@ref12]\] in their study reported sensitivity to be 96% and specificity to be 100%. In the present study, the sensitivity and specificity are 100%, which is comparable to Pai.\[[@ref3]\]

In the present study, there were 100% true positive results and no false positive results; hence, the positive predictive value was 100%. There were 100% true negative results and no false negative results; hence, the negative predictive value was 100%. Pai\[[@ref3]\] reported 100% positive predictive value and negative predictive value. Zelin *et al*.\[[@ref11]\] observed positive predictive value to be 97.78% and negative predictive value to be 100%. In our study, positive predictive value is in accordance with Pai\[[@ref3]\] and negative predictive value with Pai *et al*.\[[@ref9]\] and Zelin *et al*.\[[@ref11]\]

Though, it was a small sample size we found that the Rapid test using OMT is highly accurate as the diagnostic efficacy in our study was 100% for HIV antibody detection as that of the conventional Western blot/ELISA test. One large study reported a 36% increase in testing with consequent increase in the detection of previously undiagnosed HIV infected individuals with the Rapid tests. In the context of global efforts to scale-up HIV testing, Rapid test using oral fluid is highly accurate and feasible. The simple and non-invasive antibody tests such as OraQuick using OMT can increase HIV testing and diagnosis. Furthermore, it offers a real alternative to the currently used point-of-care tests like finger prick and also has potential to increase HIV testing and diagnosis in culturally diverse population.

Oral point-of-care HIV tests can well be accepted by clients and have reported high diagnostic performance. Although the diagnostic accuracy of oral fluid based tests is high, their accuracy and clinical utility depends on the quality control procedures that should be strictly followed to get a quality and accurate results. Further like all Rapid tests, oral point-of care HIV test results must be considered as preliminary and require confirmation with reference standard test such as ELISA, Western blot/immunoflourescent assay.

CONCLUSION {#sec1-5}
==========

For nearly 20 years, ELISA with Western blot as the confirmatory test, constituted the gold standard for HIV testing. The availability of several fast, accurate, easy-to-use and cost-effective HIV antibody tests play an integral role in encouraging more-widespread HIV screening. Rapid HIV anti-body tests are feasible in a variety of clinical and non-clinical venues, but quality assurance must be maintained to ensure that results are accurate, providing greater access to testing, prevention and care services for persons newly infected and living with HIV, which can reduce the number of new infections and lead to reductions in HIV-associated morbidity and mortality. In the present study: HIV was detected successfully using OMT by Rapid test. The OraQuick Advance Rapid test kit showed 100% sensitivity and specificity. As the sample size in this study was small, future clinical trials and research is needed to firmly establish the efficacy and wide scale usages of OMT for detection of HIV. Rapid testing facilitates patients receiving their test results the same day, usually at the encounter where the test specimen was collected. OMT Rapid testing for HIV detection can be expanded to both urban and rural settings. OMT Rapid testing has client preferences for HIV testing and removes practical disincentives in priority population. OMT Rapid test is easy to perform and cost-effective (US\$ 4 per kit in India) method of providing HIV testing services in community based settings. We now have a growing technological armamentarium to help us identify HIV, which is acting as adjunct for successful screening, accurate diagnosis and effective follow-up of HIV patients.
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